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^ (54) Title: METHOD AND DEVICE FOR MONITORING THE INSTANTANEOUS BEHAVIOUR OF A TYRE DURING THE 

^ RUNNING OF A MOTOR VEHICLE 

TT 

f2 ( 57 ) Abstract: A method for monitoring the instantaneous behaviour of a tyre (1) during the running of a motor vehicle, comprising 
^ the steps of: a) acquiring and storing, at least temporarily, at least one basic reference curve which represents the variation of the 
*-»- displacement of at least one specified point of the said tyre in at least one spatial direction, as a function of the spatial position of 
^ the point, in at least one portion of a revolution of the tyre; b) continuously acquiring signals of the position in space of the specified 

point of the tyre (1); c) deriving from the position signals at least one cyclic curve of operating displacement of the point in the 
Q spatial direction, as a function of the spatial position of the point, in at least one portion of a revolution of the tyre; d) continuously 

comparing the said curve of operating displacement with the said basic reference curve of displacement; and e) emitting a signal 

depending on the comparison and indicating the instantaneous behaviour of the tyre (1). 
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METHOD AND DEVICE FOR MONITORING THE INSTANTANEOUS 
BEHAVIOUR OF A TYRE DURING THE RUNNING OF A MOTOR 
VEHICLE 

DESCRIPTION 

The present invention relates to a method and device for monitoring 
the instantaneous behaviour of a tyre during the running of a motor 
vehicle. 

A tyre of a motor vehicle, when rolling on a road surface, is subject 
to a vertical load and to longitudinal and transverse external forces 
which are generated in the various manoeuvres, such as braking, 
acceleration, cornering, etc. 

During each manoeuvre, any point on the tyre rolling in steady state 
and in transitory conditions carries out a movement which can be 
represented by displacements in the three spatial directions (Cartesian 
co-ordinates) for each cycle of the revolution of the tyre. The movement 
of the point has characteristics which are typical of the position of each 
particular point of the tyre, of the structure and of the external profile of 
the tyre, of the conditions of use (velocity, load and pressure), of the 
conditions of the surface on which the tyre rolls, and of the external 
forces to which the tyre is subjected in the manoeuvres of braking, 
acceleration, cornering, etc. 

The inventors have perceived that the variation of the displacements 
in space of a specified point, located on the rolling tyre and subject to 
specific forces, has the same basic shape (basic curve) for each 
revolution of the tyre, while it varies as to the position and amplitude of 
the peaks, and/or the start and end of each peak, and the relative 
maxima and/or minima. Similarly, the variation of velocity in the space 
of the point has the same basic shape for each revolution of the tyre. 
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The inventors have identified a set of basic reference curves which 
represent cyclic reference displacements in space, and the relative 
velocities for each specified point of the tyre in specified running 
conditions. More particularly, the basic reference curves are acquired 
5 and stored either during the running of the motor vehicle on the road or 
in the course of standard tests or by means of calculation. The 
inventors have found that these basic reference curves can 
advantageously be used to make comparisons of various kinds with 
cyclic operating curves and to obtain, from these comparisons, 

1 0 information on the behaviour of the tyre when rolling, on the forces 
exchanged, on the surface on which it is rolling, on the conditions of 
use, on the circumstances of adhesion (friction) available at each 
moment between the tyre and the road, etc., in the instant in question. 
In particular, it is possible to ascertain the way in which the 

1 5 displacement (or velocity) of the point concerned varies with time, when 
moving from perfect adhesion to total slip of the tyre. 

The information acquired by means of the comparison can be used 
to set interventions on the mechanisms of the motor vehicle and to 
monitor its behaviour, for example during braking, acceleration, drift, 

20 and similar. 

In the case of the present description and the following claims, the 
significance of the term "continuously", relating to the phases of signal 
acquisition, signal comparison and similar, also covers acquisition and 
comparison carried out at times separated from each other by brief 

2 5 intervals, where the duration of these intervals is sufficiently brief to 
enable the behaviour of the tyre in the running conditions in question to 
be represented in a significant way. Typically, the maximum duration of 
such an interval is equal to the time required for a tyre to complete a 
whole revolution of 360° at the velocity in question. 
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In a first aspect, the invention relates to a method for monitoring the 
instantaneous behaviour of a tyre during the running of a motor vehicle, 
the said tyre comprising at least one tread and one casing, three 
spatial directions - one longitudinal, one transverse and one vertical - 
being associated with the said tyre, and the said method comprising the 
steps of 

a) acquiring and storing, at least temporarily, at least one basic 
reference curve which represents the variation of the displacement 
of at least one specified point of the said tyre in at least one of the 
said three spatial directions, as a function of the spatial position of 
the said point, in at least one portion of a revolution of the said tyre, 

b) continuously acquiring signals of the position in space of the said 
at least one point of the said tyre, in at least one portion of a 
revolution of the said tyre, 

c) deriving from the said position signals at least one cyclic curve of 
current operating displacement of the said at least one point in the 
said at least one of three specified spatial directions, as a function 
of the spatial position of the said point, in at least the said portion 
of a revolution of the said tyre, 

d) continuously comparing the said curve of current operating 
displacement with the said basic reference curve of displacement 
which is stored, and 

e) emitting a signal depending on the said comparison, the said signal 
indicating the said instantaneous behaviour of the said tyre. 

In one embodiment, the said basic reference curve of displacement 
mentioned in point a) above is acquired during the running of the motor 
vehicle on the road, in the course of one revolution of the tyre, and is 
stored temporarily, for a specified period, to make the said comparison, 
as mentioned in point d) above, with the said curve of operating 
displacement acquired in a subsequent revolution of the said tyre. 
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Typically, the said basic reference curve of displacement which is 
stored is that of the immediately preceding revolution. 

In another embodiment, the said basic reference curve of 
displacement mentioned in point a) above is acquired in a step which 
5 precedes the step of the operation of the said motor vehicle and is 
stored permanently in order to make the said comparison, as 
mentioned in point d) above, with the said curve of operating 
displacement acquired in the said at least one portion of a revolution of 
the said tyre. 

10 Preferably, a basic reference curve of velocity of the said at least 
one point in one spatial direction is stored in the said step a), and a 
cyclic curve of operating velocity of the said at least one point in one 
spatial direction is determined in the said step c), the said curves of 
velocity being obtained, respectively, from the said basic reference 

1 5 curve of displacement and from the said curve of operating 

displacement by means of a mathematical derivative with respect to 
time, the said basic reference curve of velocity and the said curve of 
operating velocity being compared in the said step d). 
Advantageously, the state of deformation of the said casing in the 

2 0 vicinity of one of its points in an area of contact between the tyre and 
the road is measured by means of the said basic reference curve and 
the operating curve of displacement or velocity, to evaluate the 
adhesion present between the tyre and the road, and the capacity of 
the said tyre to develop forces tangential to the contact with the said 

25 road. 

Preferably, signals of the positions of at least two points of the said 
tyre are acquired in the said step b), and the corresponding curves of 
operating displacement or velocity are also compared with each other 
in the said step d) to reveal rapid changes in the aforesaid state of 
30 deformation or any acquisition errors. 
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In a second aspect, the invention relates to a device for monitoring 
the instantaneous behaviour of a tyre during the running of a motor 
vehicle, the said tyre comprising at least one tread and one casing, 
three spatial directions - one longitudinal, one transverse and one 
5 vertical - being associated with the said tyre, and the said device 
comprising 

i. means for acquiring and storing, at least temporarily, at least one 
basic reference curve which represents the variation of the 
displacement of at least one specified point of the said tyre in at 

10 least one of the said three spatial directions, as a function of the 
spatial position of the said point, in at least one portion of a 
revolution of the said tyre, 

ii. at least one sensor associated with the said at least one point of 
the said tyre, capable of emitting, over a period of time, signals of 

15 the position in space of the said point, 

iii. pick-up means capable of continuously acquiring the said signals 
of the position in space of the said at least one point of the said 
tyre, in at least the said portion of a revolution of the said tyre, and 

iv. processor means incorporating a program capable of finding from 
20 the said position signals at least one cyclic curve of current 

operating displacement of the said at least one point in the said at 

least one of three specified spatial directions, as a function of the 

spatial position of the said point, in at least the said portion of a 

revolution of the said tyre, 
25 v. the said processor means being capable of continuously comparing 

the said curve of current operating displacement with the said basic 

reference curve of displacement which is stored, 
vi. the said processor means being additionally capable of emitting a 

signal depending on the said comparison, the said signal indicating 
3 o the said instantaneous behaviour of the said tyre. 
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In one embodiment, the said storage means are capable of acquiring 
and storing temporarily, for a specified time, the said basic reference 
curve of displacement mentioned in point i) above during the running of 
the motor vehicle on the road, in the course of one revolution of the 
5 tyre, and the said processor means carry out the said comparison 
mentioned in point v) above between the said temporary basic 
reference curve of displacement and the said curve of operating 
displacement, acquired in a subsequent revolution of the said tyre. 
In another embodiment, the said storage means are capable of 

10 acquiring and storing permanently the said basic reference curve of 
displacement mentioned in point i) above in a step which precedes the 
step of operating the said motor vehicle, and the said processor means 
carry out the said comparison mentioned in point v) above between the 
said permanently stored basic reference curve of displacement and the 

15 said curve of operating displacement acquired in the said at least one 
portion of a revolution of the said tyre. 

Preferably, the said processor means are capable of storing a basic 
reference curve of velocity of the said at least one point in one spatial 
direction and are capable of determining a cyclic curve of operating 

20 velocity of the said at least one point in one spatial direction, the said 
curves of velocity being obtained, respectively, from the said basic 
reference curve of displacement and from the said curve of operating 
displacement by means of a mathematical derivative with respect to 
time, the said processor means being capable of comparing the said 

2 5 basic reference curve of velocity with the said curve of operating 
velocity. 

Advantageously, the said processor means measures the state of 
deformation of the said casing in the vicinity of one of its points in an 
area of contact between the tyre and the road, by means of the said 
30 basic reference curve and the operating curve of displacement or 
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velocity, to evaluate the adhesion present between the tyre and the 
road, and the capacity of the said tyre to develop forces tangential to 
the contact with the said road. 

Preferably, at least two sensor means are associated with at least 
5 two points of the said tyre and emit at least two signals of the position 
of the said at least two points, and the said processor means determine 
by means of the said signals at least two curves of operating 
displacement or velocity, and compare them with each other to reveal 
rapid changes in the aforesaid state of deformation or any errors in 
10 acquisition. 

The inventors have observed that, for the purposes of the present 
invention, the most significant points of the tyre are: 

- points on the sidewall of the casing, referred to here as points on the 
casing sidewall level; 

15 - points located on the outer surface of the tread of the tyre, referred 
to here as points at the tread level; 

- points located on the inner liner of the casing, referred to here as 
points at the liner level, 

- intermediate points within the structure of the casing (for example 
20 points between the tread and the liner of the casing). 

Preferably, the point is specified in such a way that it is located on 
the equatorial plane of the tyre (centre or crown), or on the shoulders of 
the tyre. 

Typical physical quantities measured by the method and device 
25 according to the invention are: 

- longitudinal displacement of the point (direction X), 

- transverse (lateral) displacement of the point (direction Y) 

- vertical displacement (direction Z). 

- longitudinal velocity of the point (direction X), 

30 - transverse (lateral) velocity of the point (direction Y) 
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- vertical velocity (direction Z). 

The variation of the displacements or velocities of the point with time 
can be used to find, from time to time, the current (instantaneous) 
operating situation of the tyre, for example the state of instantaneous 
5 stressing of the tyre and the available adhesion between the tyre and 
the road. 

One of the distinctive characteristics of the method and device 
according to the invention lies in the fact that the signals originate 
directly from the tyre, which acts as a sensor, and are not mediated by 

10 other mechanical elements, such as a rim or hub of the wheel on which 
the tyre is fitted. This provides the advantage of avoiding the delay 
times and potential interference typical of conventional devices to 
prevent locking in braking (antiskid or ABS) and of conventional 
devices to prevent slip in acceleration (antislip). 

15 Another distinctive characteristic of the method and device according 
to the invention lies in the fact that they make it possible to monitor the 
behaviour of the tyre in braking, acceleration and cornering (drift), 
owing to the monitoring of the variation with time of the state of 
longitudinal and lateral deformation of the points of the tyre casing 

20 within the footprint. 

This capacity to monitor the behaviour of the motor vehicle when 
cornering, by determining the behaviour of the tyre in the drift condition, 
is one of the salient aspects of the present invention. This is because, 
as far as the inventors are aware, none of the known methods and 

25 devices has this important characteristic. 

In the course of the present description and of the claims, the term 
"basic curve", also referred to as a "cyclic curve", denotes a curve 
which represents the variation of either the displacement or the velocity 
of one point of a tyre in a specified spatial direction as a function of the 
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spatial position of the point, in a revolution of the tyre or in a portion of 
a revolution, in the conditions under consideration. 

Characteristics and advantages of the invention will now be 
illustrated with reference to one embodiment represented in the 
5 attached figures, in which 

Fig. 1 shows schematically, in a view from above, a rolling tyre 
having position transducers at certain points; 

Fig. 2 shows the circumferential trajectories of two points of the tyre 
of Fig. 1 and the velocity vector of one of its points; 
1 0 Fig. 3 is a block diagram of a device for monitoring the 

instantaneous behaviour of the tyre of Fig. 1 , made according to the 
invention; 

Fig. 4 shows schematically a model of the tyre of Fig. 1 , which can 
be used to describe slip phenomena; 
15 Fig. 5 is a cyclic curve of the vertical velocity of a point at liner level 
on the crown of the tyre of Fig. 1, in conditions of free (neutral) rolling; 

Fig. 6 shows a cyclic curve of the longitudinal velocity of a point at 
tread level on the crown of the tyre of Fig. 1 , in conditions of free 
(neutral) rolling; 

20 Fig. 7 shows cyclic curves of the vertical velocity of a point at liner 
level on the crown of the tyre of Fig. 1, in conditions of free (neutral) 
rolling and braking, with detail on the area of contact between the tyre 
and the road; 

Fig. 8 shows cyclic curves of the longitudinal velocity of a point at 
25 tread level on the crown of the tyre of Fig. 1 , in conditions of free 

(neutral) rolling and braking, with detail on the area of contact between 
the tyre and the road; 

Fig. 9 shows cyclic curves of the vertical velocity of a point at liner 
level on the crown of the tyre of Fig. 1 , in conditions of braking on road 
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surfaces having different coefficients of friction, with detail on the area 
of contact between the tyre and the road; 

Fig. 10 shows cyclic curves of the vertical velocity of a point at liner 
level on the crown of the tyre of Fig. 1 , in conditions of braking with 
5 different vertical load conditions, with detail on the area of contact 
between the tyre and the road; 

Fig. 1 1 shows cyclic curves of the vertical velocity of a point at liner 
level on the shoulder of the tyre of Fig. 1 , in conditions of free rolling 
and braking, with detail on the area of contact between the tyre and the 
10 road. 

In Fig. 1 , the number 1 indicates a tyre for a motor vehicle having a 
longitudinal axis X (direction of advance), a transverse axis Y (axis of 
rotation of the tyre) and a vertical axis Z. The direction of rotation of the 
tyre 1 is indicated by the arrow 1 1 (Fig. 2). A sensor 3 or a sensor 4, or 

15 both, are mounted in the tyre 1 . The sensors 3 and 4 are associated 
with points of the tyre located at tread level, at casing sidewall level, or 
at liner level, or with intermediate points. The sensor 3 is associated 
with a point situated on the crown, located on an equatorial plane 13, 
while the sensor 4 is associated with a point situated on the shoulder, 

20 located on a plane 14 which is spaced apart laterally from the 

equatorial plane and is parallel to it. During the rolling of the tyre, the 
point of the tyre with which the sensor 3, or the sensor 4, is associated 
is displaced along a trajectory which generally comprises 
displacements in the three directions of space. The sensors 3 and 4 

25 emit signals indicating their position with respect to a specified 

reference, or displacement signals, or velocity signals, or acceleration 
signals. The sensors 3 and 4 are, for example, of the type for 
transmission of the signal over a distance, such as infrared, ultrasonic, 
and similar sensors. Other sensors, mounted at other specified points 
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of the tyre 1 , at the tread, casing or liner level, or at an intermediate 
level, on the crown or shoulder, are not shown. 

Fig. 2 shows the vector V of the tangential velocity of one point of 
the tyre during its rolling and the vectors Vio ng and V vert of its longitudinal 
5 and vertical components respectively. The maximum distances L of a 
point at the tread level on the crown from a vertical plane passing 
through the axis of rotation of the tyre are also shown. The length I of 
the footprint area of the tyre in the area of contact with a road surface 5 
is also shown. 

10 Fig. 3 shows a block diagram of a device for monitoring the 

instantaneous behaviour of the tyre of Fig. 1. The sensors 3 and 4, a 
pick-up 6 associated with the sensors and a controller 7 connected to 
the pick-up 6 are shown. The controller 7 comprises, for example, a 
programmed microprocessor having a volatile storage element 7a, a 

15 permanent storage element 7b and processor means 7c. The sensors 3 
and 4, and any other sensors, are mounted, as stated above, at 
specified points of the tyre, while the pick-up 6 and the controller 7 are 
mounted on the motor vehicle. The pick-up 6 is, for example, an 
ultrasonic pick-up or a photodiode, or of the piezoelectric type, or 

20 similar. 

Specified basic (cyclic) reference curves of specified physical 
quantities, such as displacement or velocity, related to the movements 
of the points of the tyre at which the sensors 3 and 4 and any other 
sensors are located, are stored in the volatile storage element 7a or in 

25 the permanent storage element 7b of the controller 7, in a temporary or 
permanent way respectively, as will be illustrated subsequently. For 
example, the basic reference curves, temporary (variable) curves, or 
constants, which represent, respectively, the cyclic variation, in one 
revolution of the tyre, of the following physical quantities: vertical 

30 velocity V vert , longitudinal velocity V^g, and transverse (lateral) velocity 
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Vitrasv of one or more points of the tyre as a function of their 
circumferential position, are stored in the store 7a or 7b. The pick-up 6 
receives the position signals emitted by the sensors 3 and 4 and sends 
them to the controller 7 which is programmed to process them. In the 
5 controller 7, a cyclic curve of current operating displacement of the 
point in the vertical, longitudinal or transverse direction in one 
revolution of the tyre is obtained from the successive signals of the 
position of the point in question, as a function of the spatial position of 
the point. The cyclic curve of vertical, longitudinal or transverse 

10 operating displacement is compared in the controller 7 with the basic 
reference curve of vertical, longitudinal or transverse displacement 
which is stored, and the information on the state of instantaneous 
stressing of the tyre and/or on the instantaneous adhesion between the 
tyre and the road is obtained from the comparison. 

15 In one variant, a cyclic curve of the vertical velocity V vert , longitudinal 
velocity V| 0nB , or transverse velocity V^y of the point in question in 
operation is determined from the cyclic curve of displacement, by 
means of a mathematical derivative with respect to time, as a function 
of the spatial position of the point. In this case, the comparison is made 

20 in the controller 7 between the cyclic curve of operating velocity and 
the basic reference curve of velocity which is stored. 

Specified pairs or triplets of spatial position signals emitted by two or 
more sensors associated with two or more specified points of the tyre 
are also processed in the controller 7. Two or more curves of operating 

25 displacement or two or more curves of operating velocity of the two or 
more points are found from these signals, and are compared with each 
other to reveal rapid changes of the state of deformation of the tyre or 
any acquisition errors (in the latter case, at least a third point has to be 
monitored). 
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The information obtained from the comparison between the basic 
reference curves and the cyclic operating curves can be used 
subsequently to set control actions of mechanisms of the motor vehicle, 
for example regulation of the brake system, of the engine air and fuel 
5 supply system, of active suspension, and similar. 

The temporary basic reference curves are acquired during the 
running of the motor vehicle on the road, in the course of each 
revolution of the tyre. The basic reference curves are stored 
temporarily to carry out the comparison with the current cyclic operating 
10 curves, acquired in a successive revolution of the said tyre. For 

example, the cyclic operating curve acquired in the final revolution of 
the tyre is compared with a basic reference curve acquired in the 
penultimate revolution of the tyre or in the i-th preceding revolution. 

In particular, it is possible to check, by monitoring the variation with 
15 time of the state of longitudinal and lateral deformation (cyclic curve of 
the longitudinal and lateral displacement or velocity) of one or more 
points of the casing of the tyre in the footprint area, whether the tyre is 
or is not in conditions of slip during braking, acceleration or cornering 
(drift). 

20 A model of the tyre, shown schematically in Fig. 4, was considered: 
this can be used to describe the phenomena of slip in the longitudinal 
direction (braking and acceleration) and in the lateral direction (drift). 

Where the longitudinal dynamics of the tyre are concerned, the 
following characteristics are examined: 

25 - Structural torsional stiffness of the tyre C b e; 

- Structural radial stiffness of the tyre C b ; 

- Longitudinal stiffness of the tread Ccx," 

- Resistance to longitudinal slip C k ; 

- Longitudinal stiffness of the tread per unit of length C px ; 
30 - Velocity of slip with respect to the rim Vsx; 
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- Velocity of slip in the contact area V C|SX ; 

- Velocity of advance with respect to the contact V cr ; 

- Effective rolling radius r e ' 

- Half-length of the footprint area a. 

5 In the case of slip in the absence of skidding, the ratio of the slip 
resistance to the half-length of the footprint area is equal to the 
longitudinal stiffness of the tread: 
Ck/a = C cx = 2a C px 

In turn, the longitudinal ground contact force F depends on the state 
10 of deformation of the casing and on an equivalent stiffness related to 
the torsional stiffness C be and radial stiffness C b (springs in series). 

1/Ceq= 1/C b + r e 2 /Cbe 

F = cjv c>a dt 

Therefore, by measuring the state of deformation in the casing, and 

15 if the torsional and radial structural stiffnesses are known, the ground 
contact force can be determined. In the case of pure slip, in the 
absence of skidding, the slip velocity is constant in braking and 
acceleration, and therefore its integral is a linear function along the 
contact area. Consequently the state of deformation in the longitudinal 

20 direction is of the triangular type; in other words, the deformation is 
zero at the entry into the contact area and increases gradually to a 
maximum value at the exit from the contact area. 

In case of drift (cornering), the same result is found, by considering 
the lateral slip or drift (instead of the longitudinal slip), the resistance to 

25 lateral slip or drift resistance, the lateral stiffness of the tread, the 
lateral structural stiffnesses of the casing and sidewalls, and the 
relaxation length (instead of the half-length of the footprint area). The 
term "relaxation length" denotes the distance travelled by the tyre 
before the lateral (drift) force reaches its normal operating value 

30 corresponding to the angle of drift that has been set. 
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When skidding occurs, the ratio of the slip resistance C k to the half- 
length of the footprint area is no longer equal to the longitudinal 
stiffness of the tread Cox, but is smaller than the latter and decreases as 
the skidding increases. 
5 In particular, the slip resistance C k is equal to the derivative of the 
force with respect to the slip, calculated for the slip value applicable to 
the tyre: 
C k = 5F/5^ 
where £ cx = ± V c> 5X /V cr . 
1 o The phenomena of skidding occurs when the tyre is at the limit 
conditions of adhesion, in other words when the longitudinal force 
equals the vertical force multiplied by the coefficient of friction. In 
particular, in braking, acceleration and drift conditions, the lack of 
adhesion is manifested in those points of the footprint (contact) area 
15 where the local force is maximal and where the deformation is also 
maximal. 

The inventors have observed that, when skidding occurs, the state of 
the deformations of the casing is partly of the triangular type, and is 
therefore zero at the entry into the footprint area, maximum within the 

20 footprint area, and then drops to a value corresponding to that at which 
the local longitudinal force equals the product of the coefficient of 
friction and the local vertical force, and this continues until the exit from 
the footprint area is reached. The longitudinal force, in turn, no longer 
has a linear variation with deformation, but increases in a less than 

25 linear way until it reaches a maximum value equal to the product of the 
coefficient of friction and the vertical load acting on the wheel, and then 
starts to decrease or remains at this maximum value until the wheel 
locks. This area between the slip value at which the maximum value of 
the longitudinal force is reached and the maximum value of slip (in 

30 other words 1) is called the area of "instability". 
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The inventors have found that it is possible, by directly measuring 
the state of deformation of the casing, to identify and signal the 
condition which the tyre has entered during running on the road, and, in 
particular, to evaluate the adhesion available between the tyre and the 
5 road and to estimate the capacity of the tyre to develop tractive forces 
tangential to the contact with the road. 
This requires the following steps: 

- measurement of the longitudinal and lateral deformation of the 
casing in the vicinity of one of its points during its travel through the 

10 footprint area; 

- measurement of the variation of the state of deformation with time, to 
verify the type of the state of deformation, in other words whether it 
is triangular or composite (that is to say consisting of a triangular 
part followed by a rapid decrease of deformation due to the lack of 

1 5 adhesion (area of instability)). 

The inventors have observed that by measuring the longitudinal and 
lateral displacement and the corresponding velocities of one point of 
the casing, during its travel through the contact area, it is possible to 
verify whether the tyre is being subjected to braking, acceleration, or 

20 cornering, and whether or not it is in the area of instability. In this area, 
the deformation changes from a triangular state to a composite state, 
with the point of maximum deformation displaced towards the centre of 
the footprint area. From this moment onwards, when the tyre enters the 
area of instability, the change is very rapid. 

25 The state of longitudinal deformation is correlated with the slip and 
the state of lateral deformation is correlated with the value of the angle 
of drift: in the triangular deformation law, the angle at which the 
deformation increases consists of the slip for the longitudinal dynamic 
and the angle of drift for the lateral dynamic. 
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The method according to the invention is based on the use of the 
measurement of the displacement/velocity of one point of the casing. 
This measurement is used to directly measure the variation with time of 
the state of deformation (change of type of the state of deformation) 
5 and the corresponding variation of velocity (of the state of deformation) 
which is an index of the area of instability of the tyre. 

As stated above, the basic reference curves which are stored 
permanently are determined experimentally, in standard conditions, in 
a step preceding the running of the motor vehicle on the road. 
10 For example, some basic reference curves are measured and 

recorded on a motor vehicle running on a test track, at various speeds, 
on a straight dry road, with one person on board, in conditions of 
maximum adhesion. 

Other basic reference curves are measured and recorded on a motor 
15 vehicle running, at various speeds, on a straight dry road, with one 
person on board, during a braking period of 5 seconds with the brake 
pedal half depressed. 

In turn, the basic reference curves stored temporarily in the volatile 
storage element are acquired during the running of the motor vehicle 
20 on the road, in the course of one revolution of the tyre, to be compared 
with the current cyclic operating curves acquired in a subsequent 
revolution of the tyre. In practice, the reference is the revolution of the 
tyre preceding that which is under observation. 

Some examples of particularly significant cyclic curves, usable with 
25 the method and device according to the invention, are given below. 

Fig. 5 shows a cyclic curve of the vertical velocity V ve rt of a point of 
the tyre situated at liner level on the crown, in the centre, on the 
equatorial plane. The curve represents the variation of the velocity with 
the variation of the longitudinal position of the point (distance of the 
3 o point from a vertical plane passing through the axis of rotation of the 
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tyre), during a complete rotation of the tyre, in a free rolling situation, at 
a velocity of 30 km/hr, with a vertical load of 250 kg, on a surface 
having a coefficient of friction of 0.8. 

Fig. 6 shows a cyclic curve of the longitudinal velocity V :onfl of the 
5 point of the tyre situated at tread level on the crown (sensor 3). The 
curve is determined as a function of the longitudinal position of the 
point, during a complete rotation of the tyre, in a free rolling situation at 
a velocity of 30 km/hr, with a vertical load of 250 kg, on a surface 
having a coefficient of friction of 0.8. 

10 Fig. 7 shows in detail cyclic curves a and b of the vertical velocity 
Vvert of the point of the tyre situated at liner level on the crown, in a 
situation of free rolling (curve a) at a velocity of 30 km/hr, and braking 
(curve b). The curves are limited to the longitudinal positions of the 
point in the footprint area and are determined with a vertical load of 250 

15 kg on a surface having a coefficient of friction of 0.8. 

Fig. 8 shows cyclic curves c and d of the longitudinal velocity (V lon g) 
of the point of the tyre situated at tread level on the crown, in a 
situation of free rolling (curve c) at a velocity of 30 km/hr, and braking 
(curve d). The curves are limited to the longitudinal positions of the 

20 point in the footprint area and are determined with a vertical load of 250 
kg on a surface having a coefficient of friction of 0.8. 

The values of the quantities examined, or rather the sequence of the 
values in each cycle, are modified when the tyre starts to skid and 
consequently its adhesion performance starts to decrease. By making 

25 the comparison between the current curve and the preceding one, and 
thus by instantaneously comparing the "normal" reference curve 
obtained in conditions of optimal adhesion with that obtained in 
conditions of skidding, it is possible to determine, in real time, that the 
tyre has started to perform less than optimally. This makes it possible 
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to set the necessary corrective actions by controlling the braking action 
of the braking mechanisms of the motor vehicle. 

Fig. 9 shows cyclic curves e and f of the vertical velocity (V vert ) of the 
point of the tyre situated at the liner level in the crown, in a braking 
5 situation and in different road friction conditions, particularly on 

surfaces having a coefficient of friction of 0.4 (curve e) and 1 .2 (curve 
f). The curves are limited to the longitudinal positions of the point in the 
footprint area and are determined with a vertical load of 350 kg. 
The variation of vertical load also causes modifications of the cyclic 
10 curves. This is clear from Fig. 10, which shows cyclic curves, g and h, 
of the vertical velocity (Vvert) of the point of the tyre situated at the liner 
level in the crown, in a braking situation, on a surface having a 
coefficient of friction of 0.8. The curves are limited to the longitudinal 
positions of the point in the footprint area and are determined with 
15 vertical loads of, respectively, 250 kg (curve g) and 350 kg (curve h). 
Fig. 1 1 shows cyclic curves, i and I, of the vertical velocity (V vert ) of 
the point of the tyre situated at the liner level in the shoulder, in a free 
rolling situation (curve i) at the velocity of 30 km/hr, and in a braking 
situation (curve I). 

20 It is found that the measurement of a quantity (velocity) at one or 
more points of the tyre (followed by the analysis of the variation of the 
differences between two or more measurements with time) provides a 
set of data which can be used to establish the instantaneous behaviour 
of the tyre, or, more precisely, the instantaneous variation of the 

25 behaviour of the tyre. 

The preceding description shows that the method and device 
according to the invention make it possible to know the behaviour of a 
tyre by analysing the data obtained from any point of the tyre during its 
rolling. The analysis of these data indicates the state of stress in which 
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the tyre is operating during the running of the motor vehicle on the 
road. 
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CLAIMS 

1 . Method for monitoring the instantaneous behaviour of a tyre (1 ) 
during the running of a motor vehicle, the said tyre (1) comprising 
at least one tread and one casing, three spatial directions - one 
longitudinal, one transverse and one vertical - being associated 
with the said tyre (1), and the said method comprising the steps of 

a) acquiring and storing, at least temporarily, at least one basic 
reference curve which represents the variation of the 
displacement of at least one specified point of the said tyre in 
at least one of the said three spatial directions, as a function of 
the spatial position of the said point, in at least one portion of a 
revolution of the said tyre (1 ), 

b) continuously acquiring signals of the position in space of the 
said at least one point of the said tyre (1), in at least one 
portion of a revolution of the said tyre (1), 

c) deriving from the said position signals at least one cyclic curve 
of current operating displacement of the said at least one point 
in the said at least one of three specified spatial directions, as 
a function of the spatial position of the said point, in at least the 
said portion of a revolution of the said tyre (1), 

d) continuously comparing the said curve of current operating 
displacement with the said basic reference curve of 
displacement which is stored, and 

e) emitting a signal depending on the said comparison, the said 
signal indicating the said instantaneous behaviour of the said 
tyre(1). 

2. Method according to Claim 1 , characterized in that the said basic 
reference curve of displacement mentioned in point a) above is 
acquired during the running of the motor vehicle on the road, in the 
course of one revolution of the tyre, and is stored temporarily, for a 
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specified period, to make the said comparison, as mentioned in 
point d) above, with the said curve of operating displacement 
acquired in a subsequent revolution of the said tyre (1 ). 

3. Method according to Claim 2, characterized in that the said basic 
5 reference curve of displacement which is stored is that of the 

immediately preceding revolution. 

4. Method according to Claim 1 , characterized in that the said basic 
reference curve of displacement mentioned in point a) above is 
acquired in a step which precedes the step of the operation of the 

10 said motor vehicle and is stored permanently in order to make the 
said comparison, as mentioned in point d) above, with the said 
curve of operating displacement acquired in the said at least one 
portion of a revolution of the said tyre. 

5. Method according to Claim 1 , characterized in that a basic 

15 reference curve of velocity of the said at least one point in one 

spatial direction is stored in the said step a), and a cyclic curve of 
operating velocity of the said at least one point in one spatial 
direction is determined in the said step c), the said curves of 
velocity being obtained, respectively, from the said basic reference 

20 curve of displacement and from the said curve of operating 

displacement by means of a mathematical derivative with respect to 
time, the said basic reference curve of velocity and the said curve 
of operating velocity being compared in the said step d). 

6. Method according to Claims 1 and 5, characterized in that the state 
25 of deformation of the said casing in the vicinity of one of its points 

in an area of contact between the tyre and the road is measured by 
means of the said basic reference curve and the operating curve of 
displacement or velocity, to evaluate the adhesion present between 
the tyre and the road, and the capacity of the said tyre to develop 
30 forces tangential to the contact with the said road. 
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7. Method according to Claims 1 and 5, characterized in that signals 
of the positions of at least two points of the said tyre are acquired 
in the said step b), and the corresponding curves of operating 
displacement or velocity are also compared with each other in the 
said step d) to reveal rapid changes in the aforesaid state of 
deformation or any acquisition errors. 

8. Device for monitoring the instantaneous behaviour of a tyre (1 ) 
during the running of a motor vehicle, the said tyre (1) comprising 
at least one tread and one casing, three spatial directions - one 
longitudinal, one transverse and one vertical - being associated 
with the said tyre (1), and the said device comprising 

i. means for acquiring and storing (7a; 7b), at least temporarily, at 
least one basic reference curve which represents the variation 
of the displacement of at least one specified point of the said 
tyre in at least one of the said three spatial directions, as a 
function of the spatial position of the said point, in at least one 
portion of a revolution of the said tyre (1), 

ii. at least one sensor means (3; 4) associated with the said at 
least one specified point of the said tyre (1), capable of 
emitting, over a period of time, signals of the position in space 
of the said point, 

Hi. pick-up means (6) capable of continuously acquiring the said 
signals of the position in space of the said at least one point of 
the said tyre, in at least the said portion of a revolution of the 
said tyre (1), and 

iv. processor means (7c) incorporating a program capable of 
finding from the said position signals at least one cyclic curve 
of current operating displacement of the said at least one point 
in the said at least one of three specified spatial directions, as 
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a function of the spatial position of the said point, in at least the 
said portion of a revolution of the said tyre (1), 

v. the said processor means (7c) being capable of continuously 
comparing the said curve of current operating displacement 

5 with the said basic reference curve of displacement which is 

stored, 

vi. the said processor means (7c) being additionally capable of 
emitting a signal depending on the said comparison, the said 
signal indicating the said instantaneous behaviour of the said 

10 tyre (1). 

9. Device according to Claim 8, characterized in that the said storage 
means (7a) are capable of acquiring and storing temporarily, for a 
specified time, the said basic reference curve of displacement 
mentioned in point i) above during the running of the motor vehicle 

15 on the road, in the course of one revolution of the tyre, and the said 
processor means carry out the said comparison mentioned in point 
v) above between the said temporary basic reference curve of 
displacement and the said curve of operating displacement, 
acquired in a subsequent revolution of the said tyre (1). 

20 10, Device according to Claim 9, characterized in that the said stored 
basic reference curve of displacement is that of the immediately 
preceding revolution. 
11. Device according to Claim 8, characterized in that the said storage 
means (7b) are capable of acquiring and storing permanently the 

25 said basic reference curve of displacement mentioned in point i) 
above in a step which precedes the step of operating the said 
motor vehicle, and the said processor means carry out the said 
comparison mentioned in point v) above between the said 
permanently stored basic reference curve of displacement and the 
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said curve of operating displacement acquired in the said at least 
one portion of a revolution of the said tyre. 

12. Device according to Claim 8, characterized in that the said 
processor means (7c) are capable of storing a basic reference 

5 curve of velocity of the said at least one point in one spatial 

direction and are capable of determining a cyclic curve of operating 
velocity of the said at least one point in one spatial direction, the 
said curves of velocity being obtained, respectively, from the said 
basic reference curve of displacement and from the said curve of 
10 operating displacement by means of a mathematical derivative with 
respect to time, the said processor means being capable of 
comparing the said basic reference curve of velocity with the said 
curve of operating velocity. 

13. Device according to Claims 8 and 12, characterized in that the said 
15 processor means (7c) measure the state of deformation of the said 

casing in the vicinity of one of its points in an area of contact 
between the tyre and the road, by means of the said basic 
reference curve and the operating curve of displacement or 
velocity, to evaluate the adhesion present between the tyre and the 
20 road, and the capacity of the said tyre to develop forces tangential 
to the contact with the said road. 

14. Device according to Claim 8, characterized in that at least two 
sensor means (3, 4) are associated with at least two points of the 
said tyre (1) and emit at least two signals of the position of the said 

25 at least two points, and the said processor means (7c) determine 
by means of the said signals at least two curves of operating 
displacement or velocity, and compare them with each other to 
reveal rapid changes in the aforesaid state of deformation or any 
errors in acquisition. 



30 



WO 01/36241 



1/9 



PCT/EPOO/11038 



14 



T 
x 



T 



-13 



FIG. 1 



\ 3 
13 JJV 

X f7 11 



Vver 



It 



FIG. 2 



WO 01/36241 



2/9 



PCT7EP00/11038 



r, 




FIG. 4 



7a 

Jrlh 



FIG. 3 



WO 01/36241 



5/9 



PCT/EP00/11038 




WO 01/36241 



7/9 



PCT/EP00/11038 



[398/UIUl] 



g g § § 8888 
1 j ' " I 1 1 j _ s 



o 













> 














f 


< 


. v- 






1 





















WO 01/36241 



8/9 



PCT/EP00/11038 




INTERNATIONAL SEARCH REPORT 



lnt<. Jonal Application No 

PCT/EP 00/11038 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B60T8/00 






According to International Patent Classification (IPC) or to both national clas 


sification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classif 

IPC 7 B60T B60R 


Icalion symbols) 




Documentation searched other lhan minimum documentation to the extent t 




ded in the fields searched 



PAJ, WPI Data, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document, with indication, where appropriate, of 



DE 39 37 966 A (BREUER BERT PROF DR ING) 
16 May 1991 (1991-05-16) 
the whole document 

WO 91 08129 A (BOSCH GMBH ROBERT) 

13 June 1991 (1991-06-13) 

page 2, line 18 -page 4, line 32 

page 6, line 2 -page 9, line 2 

page 10, line 8 -page 12, line 6; figures 

DE 39 35 588 A (FORSCHUNGSGESELLSCHAFT 
KRAFTFA) 25 April 1991 (1991-04-25) 
the whole document 



1,2,6,8 



LH 



10 



' Special categories of cited documents : 

'A' document defining the general stale of the art which is not 

considered to be of particular relevance 
E" earlier document but published on or after the international 

filing date 

V document which may throw doubts on priority clalm(s)or 
which is cited to establish the publication dale of another 
citation or other special reason (as specified) 



- later document published after the International filing dali 
or priority date and not in conflict with the application bu 
to understand the principle or theory underlying th 



involve an inventive step when the document is taken alone 
'• document of particular relevance: the claimed Invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments^such combination being obvious to a person skilled 

document member of the same patent family 



of the actual completion of the international search 

1 February 2001 



07/02/2001 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Pi 
NL-2280 HV Rrjswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70)340-3016 



Geyer, J-L 



Foim PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



PCT/EP 00/11038 



1 



C.(Contlni) 


ation) DOCUMENTS CONSIDERED TO BE RELEVANT 1 


Category ° 




Relevant to claim No. 


A 
A 


GERMANN S ET AL: "MONITORING OF THE 
FRICTION COEFFICIENT BETWEEN TYRE AND ROAD 
SURFACE" 

PROCEEDINGS OF THE CONFERENCE ON CONTROL 

APPLICATIONS, US, NEW YORK, IEEE, 

vol. CONF. 3, 1994, pages 613-618, 

XP000682536 

ISBN: 0-7803-1873-0 

the whole document 

DE 196 20 581 A (TEVES GMBH ALFRED) 
27 November 1997 (1997-11-27) 
the whole document 


1-8 
1-4 



Form PCT/1SA/210 (continuation ot second sheal) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 


Int. tlonal Application No 
PCT/EP 00/11038 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


DE 3937966 A 16-05-1991 NONE 

WO 9108129 A 13-06-1991 DE 3939917 A 06-06-1991 



DE 59002663 D 14-10-1993 

EP 0456774 A 21-11-1991 

JP 4503790 T 09-07-1992 

KR 186829 B 01-05-1999 



W0 9744673 A 27-11-1997 
EP 0901635 A 17-03-1999 



Forni PCT/ISA/210 (patent lamily annex) (Juty 1992) 



